Co doped CdTe powder samples were prepared by solid-state reaction method. In the present work effect of Co doping on structural, optical, and magnetic properties has been studied. X-ray diffraction studies confirm zinc blend structure for all the samples. The lattice parameter showed linear increase with the increase in Co content. The elemental constituents were characterized by EDAX. Optical studies showed the increase in band gap with increase in Co level. The samples were diluted magnetic semiconductors and exhibited clear hysteresis loop showing room temperature ferromagnetism as confirmed by vibrating sample magnetometer.
Introduction
Doping of magnetic atoms like Mn, Fe, Cr, Co, Ni, and so forth into II-VI, II-V, III-V, and IV-VI host semiconductors leads to a new class of materials called dilute magnetic semiconductors (DMS) [1] . In recent years, considerable amount of research work has been devoted to form new DMS and to improve the ferromagnetic properties of the known DMS in an effort to develop new spintronic devices, such as spin valves, spin light emitting diodes, magnetic sensors, logic devices, and ultrafast optical switches [2] . The unique properties of DMS attracted the scientific community and are extensively studied for their distinctive behavior in spintronic devices which allow control of both the spin and the charge of carriers [3, 4] . II-VI DMS systems are particularly interesting, since doping of magnetic ions in II-VI systems is more effective than metal oxide systems. Ferromagnetic semiconductors formed in this manner by varying the concentration of the magnetic material received much attention as the presence of magnetic ions allows tailoring the energy gap and lattice constant leading to a number of unusual electronic and magnetic properties resulting from the large sp-d exchange interaction between the magnetic ions and the band electrons. These interactions are strongly influenced by the ground state of the particular substituted magnetic ion [5, 6] . In order to realize the practical implication of spin-based devices, DMS must exhibit room temperature ferromagnetism. Though room temperature ferromagnetism was reported in II-VI DMS in both experimentally and theoretically investigations by several researchers, the exact origin of magnetism in DMS is still a challenge to scientific community. II-VI based DMS with Mn as the dopant has been studied extensively, but the studies with other magnetic dopants like Fe, Co, Ni, and so forth are meager. Limited number of reports are available on Co doped CdTe crystals. This could be due to the difficulties in preparing homogeneous crystals with sufficient amounts of substituted Co as its solubility is very low. Magnetic properties of Co based CdTe materials have been studied [7] [8] [9] and the large p-d interaction and d-d exchange interaction were established between Co 2+ and Cd 2+ ions [10] [11] [12] . Studies on Co doped CdTe alloy powders have not been reported so far. These factors and the interesting properties exhibited by Co doped CdTe system are the motivation to carry out this study. In the present work, the structural, optical, and magnetic properties on Co doped CdTe alloy powders prepared by solid-state reaction method have been reported.
Experimental
Co doped CdTe powders with Co concentrations of 5 at.% and 8 at.% were synthesized by single step solid-state reaction method. 5N purity CdTe, Co, and Te (99.99%, M/S SigmaAldrich) were used as source materials. Appropriate quantities of freshly prepared CoTe and CdTe were mixed and ground thoroughly for 16-18 hours to ensure homogeneity and then sintered at 500 ∘ C for 6 hours under a pressure of 10 −3 Torr. The sintered Co doped CdTe alloy powder were characterized by different techniques. Powder X-ray diffraction (XRD) patterns of all the samples were recorded using X-ray diffractometer (Bruker, D8 Advance), equipped with Ni filter, and operated at 40 kV, 30 mA (CuK radiation, = 0.15406 nm) with a scan speed of 0.02
The elemental composition of the samples was arrived at using EDAX (Genesis X4M attached to the JSM 840A). The room temperature diffuse reflectance spectra of the samples were recorded using double beam UV-Vis-NIR spectrophotometer (Jasco V-670) in the wavelength range of 200-2500 nm. Magnetic measurements were carried out using a vibrating sample magnetometer (Lakeshore VSM 7410) at an applied field of 15,000 Gauss at room temperature.
Results and Discussion

Structural Analysis.
Powder XRD patterns of pure and Co doped CdTe alloy powders are shown in Figure 1 . All the peaks seen in the pattern coincided with standard cubic CdTe structure (JCPDS Card no. 89-3053) and the subsequent patterns are indexed with their respective planes. No peak related to Co or CoTe was observed in the X-ray diffraction pattern after thorough analysis by Rietveld software confirming that Co has been incorporated into the crystal lattice of CdTe without changing the cubic structure of CdTe. It can be seen that all the samples exhibited zinc blend structure with (111) predominant orientation. Figure 2 shows variation of " " with Co. The lattice parameter was found to decrease linearly with increase in " " obeying Vegard's law. The decrease in lattice parameter with the increase in Co concentration implies the lattice contraction. Change in lattice parameter may be due to the difference in ionic radii of cobalt and cadmium. The ionic radii of Co 2+ and Cd 2+ in tetrahedral site are (0.58Å) and (0.78Å) [13] respectively. The difference between the two ionic radii is small. As a consequence, changes in lattice cell parameters and cell volume with cobalt substitution are also small. As the Co 2+ ions were in a tetrahedral environment, these results a decrease in lattice parameter by considering the smaller ionic radius of Co 2+ ions. Hence it can be concluded that the doped Co 2+ ions substitute the host lattice at tetrahedral site symmetry that brings expansion in CdTe lattice.
EDAX Analysis.
The spectra shown in Figure 3 depict the chemical composition of the Co doped CdTe alloy powders at 5 at.% and 8 at.%. The EDAX spectra revealed that the peaks corresponding to Cd, Te, and Co and their weight (wt.%) ratio and atomic (at.%) ratio compositions are shown in the inset of Figure 3 . It is clear that the at.% of Cd element decreases with increasing Co content indicating the formation of Co doped CdTe alloy powder as confirmed by powder XRD. Figure 4 shows the optical reflectance spectra of pure and Co doped CdTe alloy powders in the photon energy range of 1.0-2.5 eV. Inset of Figure 4 shows the expanded view of fundamental band edge 0 with Figure 5 and the optical band gap energy was found to increase with the increase in Co concentration. Kim et al. [14] have also reported similar variation optical band gap in Zn 1− Co O thin films. In general, it is interpreted that the increase in the band gap in Co doped CdTe alloy powders may be due to sp-d exchange interactions between band electrons and localized d electrons of Co ions.
Optical Properties.
Magnetic Studies.
The magnetic properties of pure and Co doped CdTe for 5 at.% and 8 at.% alloy powders were investigated by magnetization measurements carried out at room temperature. The -curves of pure and Co doped CdTe are shown in Figure 6 . Ferromagnetism in pure CdTe was not expected as it is diamagnetic in nature, whereas all the Co doped samples exhibited a well defined magnetization hysteresis confirming ferromagnetic behaviour at room temperature. It was observed from Figure 6 that the saturation magnetization increased with increase in Co concentrations. The obtained magnetization ( ) for 5 at.% and 8 at.% of Co are 0.00086 emu/g and 0.0054 emu/g. Generally ferromagnetism in DMS is considered to originate from the exchange interaction between free delocalized carriers and the localized d spins on the Co ions [15] . Presence of free carriers is therefore necessary for the appearance of ferromagnetism. Alver et al. [16] have reported ferromagnetism in Co doped CdTe thin films at room temperature and at low temperatures, but the doping composition dependent magnetization study was not carried out. 
Conclusions
Co doped CdTe (with Co concentrations of 5 at.% and 8 at.%) powders were synthesized by single step solid-state reaction method. From X-ray diffraction, the crystal structure was confirmed to be cubic. The Co ions replaced the Cd ions without changing the CdTe crystal structure and the lattice parameter increased linearly with increase in Co level following Vegard's law. EDAX spectra revealed the existence of Co in Cd 1− Co Te alloy powders. The reflectance measurement shows the increase in optical band gap energy with increase in Co level. The magnetization measurements clearly showed room temperature ferromagnetism in 5% and 8% Co doped CdTe alloy powders.
